Dermatotoxicity of agricultural chemicals (ACs) with or without ultraviolet (UV) irradiation was histologically examined using hairless descendants of Mexican hairless dogs. ACs examined were pentachlorophenol sodium salt, 2,4-dichlorophenoxyacetic acid (DCPAA), Maneb, and Zineb. One day after cessation of the 7-day AC treatment, the skin treated with DCPPA and Maneb indicated only slight histological changes. The UV+AC-treated sites had as much pigmentation as the control sites. Fourteen days after cessation of treatment, dogs treated with Maneb showed marked reactions such as epidermal degeneration, vasodilation, and intradermal infiltration of inflammatory cells. These histological changes were more severe in the UV+AC-treated sites. Zineb induced comedones with well-developed pilosebaceous glands. These results suggest that hairless dogs may be useful laboratory animals for the investigation of dermatotoxicity of ACs in conjunction with UV irradiation.
INTRODUCTION
An increasing prevalence of sun-induced dermatoses and tumors has been noted in humans coincident with the depletion of the ozone layer and a consequent increase in the intensity of ultraviolet (UV) radiation reaching the earth's surface. Climatic conditions such as heat, humidity, air pollution, and the presence of noxious gases are often aggravating factors in these disorders (5, 13, 17) . While spraying agricultural chemicals (ACs), agricultural. employees often have their skin exposed to high doses of solar UV radiation. Farmers use various ACs, such as fungicides, pesticides, and herbicides, and often suffer from various dermatopathies (1, 2, 4, 11, 18 ). Guo et a1 (4) reported that 40% of farmers were sensitive to AC allergens.
No suitable laboratory animals have been available for the investigation of dermatotoxicity of ACs, including the influence of UV irradiation. Hairless descendants of Mex-ican hairless dogs (MHDs) have abundant melanocytes in the epidermis, and their skin is sensitive to UV irradiation (8, 9) . At present, hairless dogs are used for the examination of skin reactions to UV irradiation and the investigation of the protective effects of sunscreens on sunburn and suntan reactions in the skin. In addition, in toxicologic pathology, dinitrochlorobenzen (DNCB)-induced delayed-type hypersensitivity reactions in the skin of hairless dogs have been. reported as compared with -those in the skin of Beagles (7) .
The purpose of this study was to evaluate dermatotoxicologic effects of ACs using the dorsal skin of hairless dogs and to determine whether UV irradiation enhanced skin reactions to topical AC treatment.
MATERIALS AND METHODS Dogs. Three 2-yr-old N4 hairless hybrids (male N3 hairless hybrids X female Beagles) were used. The dogs were individually housed in stainless steel cages (90 X 90 X 90 cm) in an animal room controlled at 25 -I 2°C and 50% -t. 10% relative humidity with 10-15 exchanges Increased thickness of the noncornified epidermis due to an increased number of epidermal cells. of 100% fresh air/hr and a 12-hr light (7am to 7pm), 12hr dark (7pm to 7am) cycle. They were fed a commercial dry dog food (Lab D Standard, Nihon Nosan Kogyo Co., Yokohama) and water ad libitrim. Agricriltriral Clteniicals. The following standard reagents were tested in this study: pentachlorophenol sodium salt (PCP, fungicides), 2,4-dichlorophenoxyacetic acid (DCPAA, plant growth regulator), Maneb (fungicides), Zineb (fungicides), and vehicle only (control). Each test agent was applied as a 0.1% solution in ethanol : propylene glycol : distilled water, 2: 1 :2 (v/v). These fungicides and the plant growth regulator commonly induce dermatitis (15). over the dorsum of 3 dogs was divided into 2 areas. Agricultural chemicals were applied to the right side of the dorsum once daily for 7 days. Each AC was applied to the test site (3 X 3 cm) of each dog at a concentration of approximately 4 pVcm2 ( Fig. 1) . Sites treated with the vehicle only were used as controls.
For the UV+AC-treated sites, the left side of the dorsum of 3 dogs was irradiated once with artificial UV light (UVA+B) (Toshiba Co., Tokyo, UVB: 290-320 nm, Test Procedures. For the AC-only treatment, the skin- UVA: 320-400 nm). The irradiation doses of UVA and UVB were 35 kJ/m2 and 5 kJ/m2, respectively. During these procedures, each dog was placed in a wire cage (85 X 95 X 75 cm) with 2-cm mesh. During irradiation, the right dorsum was covered with a film to protect it from UVA+B. Immediately after UVA+B irradiation, ACs (4 pVcmz) were applied to the dorsal skin (3 X 3 cm) of each dog. This topical treatment was repeated once daily for 7 days. The UV+vehicle-treated sites served as controls.
Histology. Tissue specimens were obtained from both the AC-treated and the UV+AC-treated sites with a 6mm biopsy punch (Nagatoishi Co., Tokyo) under a general anesthesia with medetomidine (Domitol, Meiji Seiyaku Co., Tokyo) 1 day before treatment and 1 and 14 days after the completion of the treatments. Skin specimens were fixed in 10% neutral buffered formalin, and 4-pm paraffin-embedded sections were stained with hematoxylin and eosin (H&E) and toluidine blue (TB) and 
RESULTS

Gross Findings
At the AC-treated sites, there were no changes, such as inflammatory reactions and pigmentation, 1 day following treatment. However, by 14 days after cessation of the AC treatment, 0.1% Maneb application area showed inflammation. The UV+AC-treated sites showed tanning reactions from the first day after cessation of the AC treatment. At 14 days after cessation of the AC treatment, the skin treated with 0.1% Maneb showed a severe inflammatory reaction.
Histological Changes
Histological findings 1 day after cessation of the AC treatment are shown in Table I . In the test skin from the DCPPA-and Maneb-treated sites, there were some histological changes, such as slight epidermal thickening. Throughout this study period, no histological changes . were found in the control sites treated with vehicle alone (Fig. 2) .
The UV+AC-treated sites showed hyperkeratosis, thickening, and hyperplasia of the epidermis (Fig. 3 ) and activated melanocytes including melanin pigments mainly in the struturn basale 1 day after cessation of the AC treatment ( Fig. 4) . There were no differences in these findings among all the treated sites and the control site ( Fig. 5) .
Histological changes at 14 days after cessation of the AC treatment are summarized in Table 11 . At the ACtreated sites, topical Maneb treatment had marked influence on the skin, i.e., intense dermatitis with epidermal degeneration, vasodilation, and intradermal infiltration of inflammatory cells (Fig. 6) . These histological changes were more severe at the UV+AC-treated sites (Fig. 7) . In some portions, there was marked incrustation over the epidermis (Fig. 8) . In addition, the dermis beneath the affected epidermis showed regenerative changes of vertically arranged collagen fibers ( Fig. 9 ). Zineb also induced comedones with well-developed pilosebaceous gIands ( Fig. 10 ). There were no notable changes at the -PCP-and DCPAA-treated sites, regardless of UV irradiation.
DISCUSSION
In the present study, the dermatotoxicity in hairless dogs of A C~ with or without UVA+B irradiation was examined histologically. H~~~~ becomes thick but only slightly erythematous with mild acting toxicants (3). Very mild toxicants acting for extended periods may cause only hyperpigmentation and slight fissuring. One day after cessation of the 7-day treatment with PCP, DCPAA, and Zineb, histological findings observed in the skin of hairless dogs corresponded to these nonspecific changes reported in irritant contact dermatitis of dogs (3) . UV irradiation aggravated the degree of the histological changes at each AC-treated site.
Fourteen days after cessation of the 7-day Maneb treatment, the histological changes in the skin of hairless dogs resembled those found in contact hypersensitivity or the accumulating effects of chemical agents on the human skin. Maneb provokes varying dermatitis such as acute or chronic dermatitis, contact dermatitis, and photodermatitis (16) . The rapid onset and the intensity of the reaction seem to depend on the nature of the contactant, its concentration, and the duration of the contact. Topical Maneb treatment apparently intensified erythematous reactions and histological damage following UVB irradiation. This result may be associated with immunosuppression (mainly hypofunction of Langerhans's cells) after UV irradiation.
Spontaneous comedones on the skin of hairless dogs are grossly and histologically similar to the acne vulgaris observed in human beings (10). Hairless dogs with a large number of comedones exhibit abundant skin sebum. The topical Zineb treatment induced comedo lesions with well-developed pilosebaceous glands on the skin of hairless dogs. The occurrence of these lesions was not associated with secretion of the skin sebum. A large number of ACs, including chlorophenol (chloroacne) (14) and bromphenol (bromoacne) (6), produce deleterious comedogenesis on the skin of human beings. In cosmetic products, the consecutive application of several sunscreens such as oxybenzone and homosalate can provoke comedolike lesions in the external ear canal of rabbits after solar or UVB irradiation. Additionally, aggravation of acne after sunbathing is frequently found in heavy users of sunscreens (12) . The Zineb-induced comedones in our study were very similar to the clinical conditions observed in human patients, and the UVA+B irradiation enhanced the comedogenic potential of some ACs.
Albino animals with no epidermal melanocytes are widely used as animal models in dermatotoxicologic investigations. Although these animals are more susceptible to UV energy damage than are human beings, the minimal erythema dose of hairless dogs is comparable to that of Japanese people (15) . Hairless dogs are considered to be useful laboratory animals for the investigations of dermatotoxicity of ACs involving UV irradiation. 
